Recebido em 10/3/10; aceito em 16/6/10; publicado na web em 24/9/10 By using the van't Hoff and Gibbs equations the apparent thermodynamic functions Gibbs energy, enthalpy, and entropy of solution for sodium naproxen in ethanol + water cosolvent mixtures, were evaluated from solubility data determined at temperatures from (278.15 to 308.15) K. The drug solubility was greatest in neat water and lowest in neat ethanol at all the temperatures studied. By means of non-linear enthalpy-entropy compensation analysis, it follows that the dissolution process of this drug in ethanol-rich mixtures is entropy-driven, whereas, in water-rich mixtures the process is enthalpy-driven.
INTRODUCTION
Sodium naproxen (Na-NAP, Figure 1 ) is a non-steroidal antiinflammatory drug derived of propionic acid used widely as analgesic and antipyretic although it also is used for relief of symptoms of rheumatoid arthritis and osteoarthritis in addition to treatment of dysmenorrheal, among other indications. 1 Although Na-NAP is widely used nowadays in therapeutics, the physicochemical information about their aqueous solutions is not complete at present, although several physicochemical studies have been done. Thus, the solution thermodynamics in neat aqueous media for this drug (as dissociate and non-dissociate compound) has been presented in the literature. 2 In the same way, the solution thermodynamics as non-dissociate compound in some cosolvent mixtures has also been reported. 3 Recently, Chavez studied the solubility of Na-NAP in some methanol + water and ethanol + water mixtures at several temperatures. 4 Moreover, the physicochemical aspects of transfer of this drug (as non-dissociate compound) from aqueous media up to octanol and some phospholipidic vesicles have also been reported. As has been already described, the solubility behavior of drugs in cosolvent mixtures is very important because cosolvent blends are frequently used in purification methods, preformulation studies, and pharmaceutical dosage forms design, among other applications. 7 For these reasons, it is important to determine systematically the solubility of pharmaceutical compounds. Besides, temperature-solubility dependence allows us to carry out the respective thermodynamic analysis, which, on the other hand, also permits inside the molecular mechanisms, involved toward the solution processes. 6 The main objective of this study was to evaluate the effect of the cosolvent composition on the solubility and solution thermodynamics of Na-NAP in ethanol (EtOH) + water cosolvent mixtures based on the van't Hoff method as has been done earlier with procaine hydrochloride. 8 Thus, this investigation amply the information reported by Chavez about the solubility of this drug in the same cosolvent system. 4 
EXPERIMENTAL

Materials
Sodium naproxen (d-2-(6-methoxy-2-naphthyl)propionic acid sodium salt; CAS: [26159-34-2]; purity: 0.9990 in mass fraction) used is in agreement with the quality requirements indicated in the American Pharmacopeia, USP; 9 on similar way, absolute ethanol A. R. (Merck) (CAS: 64-17-5; purity: 0.9990 in mass fraction), distilled water (CAS: 7732-18-5; conductivity < 2 mS cm -1 ), molecular sieve (Merck, numbers 3 and 4), and Millipore Corp. Swinnex ® -13 filter units, were also used in this study.
Cosolvent mixtures preparation
All EtOH + water cosolvent mixtures were prepared in quantities of 10.00 g by mass using an Ohaus Pioneer TM PA214 analytical balance with sensitivity ± 0.1 mg, in mass fractions from 0.10 to 0.90 varying by 0.10, to study nine binary mixtures and the two pure solvents.
Solubility determinations
An excess of Na-NAP was added to 5 cm 3 of each cosolvent mixture, in stoppered dark glass flasks. Solid-liquid mixtures were stirred in a mechanical shaker (Burrel, Wrist Action Shaker, Model 75) at room temperature at least for 4 h. The flasks were kept at each temperature (± 0.05 K) in recirculating thermostatic baths (Neslab RTE 10 Digital One Thermo Electron Company) with sporadic stirring at least for 7 days to reach the equilibrium. After this time the supernatant solutions were filtered (at isothermal conditions) to ensure that they were free of particulate matter before sampling. Drug concentrations were determined by mass balance by weighting a specified quantity of the respective saturated solution and allowing the solvent evaporation up to constant mass. All the solubility experiments were run at least in triplicate. In order to make the equivalence between molarity and mole fraction concentration scales, the density of the saturated solutions was determined with a digital density meter (DMA 45 Anton Paar) connected to the same recirculating thermostatic baths.
RESULTS AND DISCUSSION
Before to show the solubility results, it is important to consider that this drug like procaine hydrochloride has electrolyte behavior, 10 and thus, it dissociates in aqueous solution interacting with the cosolvent mixture by strong ion-dipole interactions, as well as by other weak non covalent interactions; on this way, it also could acts as a Lewis base (-OCH 3 , Figure 1 ), in order to establish hydrogen bonds with proton-donor functional groups in the solvents (-OH groups). Tables 1 and 2 summarize the experimental solubility of Na-NAP, expressed in mol dm -3 and mole fraction, respectively, at all the temperatures studied. In all cases the percent coefficients of variation were smaller than 1.0%.
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Experimental solubility
It could be observed that the solubility expressed in both concentration scales was greatest in the mixture of 0.50 in mass fraction of EtOH at temperatures above 293.15 K. This behavior shows cosolvent effect for this electrolyte drug in this solvent system, and it is not in agreement with that expected according to the literature, 7 since the Na-NAP solubility is not greatest in neat water as could be expected because of its large dielectric constant value (78.5 at 298.15 K). 10 Our solubility values in neat water are in good agreement with those reported by Mendez del Rio 2 and by Kim et al., 2 but they are so very different with respect to those reported by Martino et al.. 2 In similar way, our solubility values in neat EtOH and those on mixtures of 0.30 and 0.90 in mass fraction of EtOH are in good agreement with those reported by Chavez. 4 Unfortunately, in the literature there are not reported quantitative solubility values for this drug in other EtOH + water mixtures, and therefore, none other direct comparison is possible.
Because Na-NAP is an electrolyte drug, it is important to keep in mind that in general terms, it could be stated that a strong electrolyte dissociates according to the expression,
, where v + is the number of cations (C z+ ) of valence z+ and v -is the number of anions (A z-) of valence z-. Because it is not possible to determine experimentally the activity of ions separately, the concept of mean ionic activity (a v ± ) is used. Thus, the thermodynamic activity for an electrolyte can be defined as, a 2 
Na-NAP is an electrolyte solute of type one-one, that is, it dissociates in aqueous solutions to generate two species, a monovalent anion and a monovalent cation, respectively. If the inter-ionic interactions are not considered, in a first approach the v value could be ideally assumed as 2 for this saline drug, and thus, this value could be used to calculate the apparent thermodynamic functions of solution. 8, 10 Thermodynamic functions of solution According to van ( 1) where, R is the universal gas constant (8.314 J mol -1 K -1 ). As an example, Figure 2 shows the modified van't Hoff plot for Na-NAP in mixtures containing 0.40, 0.60, and 0.80 in mass fraction of EtOH. For mixtures from 0.20 to 0.60 in mass fraction of EtOH, parabolic models with good determination coefficients (r 2 ) were obtained, while in the other solvent systems, linear models were obtained with good r 2 values as well.
The apparent standard Gibbs energy change for the solution process (∆G soln 0-app ) of electrolytes type one-one, considering the approach proposed by Krug et al., 12 is calculated at mean harmonic temperature by means of, (2) in which, the intercept used is the one obtained in the analysis by treatment of ln x 2 as a function of 1/T -1/T hm . Finally, the apparent standard entropic change for solution process (∆S soln 0-app ) is obtained from the respective ∆H soln 0-app and ∆G soln 0-app values by using: Table 3 summarizes the apparent standard thermodynamic functions for experimental solution process of Na-NAP in all EtOH + water cosolvent mixtures. In order to calculate the thermodynamic quantities for the experimental solution processes some propagation of uncertainties' methods were used. 13 It is found that the standard Gibbs energy of solution is positive in all cases as expected because the mole fraction is always lower than the unit and thus, its logarithmic term is negative, and therefore, standard Gibbs energy will be a positive quantity.
The apparent enthalpy of solution is positive in all cases, therefore the process is always endothermic. In the same way, the entropy of solution is also positive indicating entropy driving on overall the solution process for all the mixtures and neat solvents. The ∆H soln 0-app and ∆S soln 0-app values increase from neat water up to the mixture of 0.20 in mass fraction of EtOH and decrease from this EtOH proportion up to neat EtOH.
With the aim to compare the relative contributions by enthalpy (z H ) and by entropy (z TS ) toward the solution process, Equations 4 and 5 were employed, respectively.
(4) (5)
From Table 3 it follows that enthalpy is the main contributor to standard Gibbs energy of solution process of Na-NAP in all the systems studied, and thus the energetic factor predominate, in particular for neat EtOH.
Thermodynamic functions of transfer
In order to verify the effect of cosolvent composition on the thermodynamic function driving the solution process, Table 4 summarizes the thermodynamic functions of transfer of Na-NAP from the more polar solvents to the less polar ones. These new functions were calculated as the differences between the thermodynamic quantities of solution in the more polar mixtures and the less polar mixtures.
If the addition of EtOH to neat water is considered (being the cosolvent mixture less polar as the EtOH proportion increases), as has been done earlier, 8 it happens the following, from pure water to 0.20 in mass fraction of EtOH (∆G A→B 0-app < 0, ∆H A→B 0-app > 0, and ∆S A→B 0-app > 0) the solubility process is driven by the entropy; whereas, from this composition up to 0.50 in mass fraction of EtOH (∆G A→B 0-app < 0, ∆H A→B 0-app < 0, and ∆S A→B 0-app < 0) the dissolution process is enthalpy driven. Ultimately, from this EtOH proportion up to neat EtOH (∆G A→B 0-app > 0, ∆G A→B 0-app < 0, and ∆S A→B 0-app < 0), the solution process is entropy driven, again. Nevertheless, the molecular or ionic events involved on solution processes are unclear.
Enthalpy-entropy compensation of solution
According to the literature, the making of weighted graphs of ∆G soln 0-app as a function of ∆G soln 0-app at mean harmonic temperature allows us to observe similar mechanisms for the solution process according to the tendencies obtained. 15 In this context, Figure 3 shows fully that Na-NAP in the EtOH + water cosolvent system exhibits non-linear ∆H soln 0-app vs. ∆G soln 0-app compensation with negative slope if an interval from pure water up to 0.20 in mass fraction of EtOH is considered, whereas from this EtOH proportion to 0.50 in mass fraction of EtOH neat water a positive slope is obtained. Accordingly to this graph it follows that the driving function for drug solubility is the entropy in the former case, while in the second case, the driving function is mainly the enthalpy. On the other hand, from 0.50 in mass fraction of EtOH to neat EtOH negative slope is found again indicating entropy driven again, as it was already said in terms of quantities of transfer. Nevertheless, the molecular and ionic events involved in the dissolution of this drug in this cosolvent system are unclear as was already said.
CONCLUSIONS
From all topics discussed previously it can be concluded that the solution process of Na-NAP in EtOH + water mixtures is variable depending on the cosolvent composition. Non linear enthalpy-entropy compensation was found for this electrolyte drug in this cosolvent system. In this context, entropy-driving was found for the solution processes in compositions from pure water to the mixture having 0.20 in mass fraction of EtOH; whereas, for cosolvent mixtures from this EtOH proportion to mixture of 0.50 in mass fraction of EtOH, enthalpy-driving was found; moreover, beyond this EtOH proportion up to neat EtOH entropy-driving is found again. Ultimately, it can be said that the data presented in this report expand the physicochemical information about electrolyte drugs in aqueous solutions.
